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INVESTIGATION OF EFFECTS OF VARIOUS CAMOUFLAGE PAINTS
"AND PAINTING PROCEDURES ON THE DRAG CHARACTERISTICS
OF AN NACA 65(h21)'h2°’ a8 = 1.0 -AIRFOIL SECTION

By Albert L. Braslow
SUMMARY

The effects of varlous camouflage paints and paintlng
procedures on the drag characteristics of a 60-inch-chord
low-drag airfoll have been investigated in the NACA two-
dimensional low-turbulence rpressure tunnel. A tyrical
fleld epplication of camouflage psint increased the sec-
tlon drag coefflclent of the aerodynamically smooth air-

foll at a Reynolds number of Ll} % 106 from G.00L6 to
C.0079 at a section 1ift coefficlent of 0.5 and from
C.0053 to C.0086 at a section 1lift coefficient of 0.7.

For a camouflage palnted surface unimproved after painting,
increased care taken In the application of the pelnt
resultcd In an increace In the meximum Peynolds number

at which low drag coefflclents were obtainableé This

maxlmum Reynolds number did not excesd 22 x 10 for any
of the surfece conditions tested unless the surfaces were
li1ghtly sanded after palnting. In order to approach the
¢rag cheracteristics of the asrodynamically smooth alr-
foll section at high-speed and crulsing 1ift coefficlents

" and flight Reynolds numbers, it was necessary to sand the
alrfoll surfaces lightly after painting.

INTRODUCTIOW

Applicetion of camouflage paint to alrplane wings
- has been found to decrease the smoothness of the surface
of the wing with a resultant increase in the drag of the
alrfoll. It was belleved that the care taken in the
preparation and applicetion of the paint was the pre-
dominant influence upon the resultant drag characteristics
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rather than the inherert quelities of the palnt. A »re-
liminary investigation was therefore made in the KNACA
two-dimensional low-turbulence pressure tunnel to deter-
mine the effects on the drag charecteristics of various
cemouflage palating procedures and of two types uf camou-
flsge ralnt. The morel tested was of 6C-inch chord and
had an KACA 65(h21)-h20, a = 1.0 elrfoil section. Tests

were made over an &pnroxlmate range of section 1ift
coefficlent from -0.I5 to 0.90 at approximate Reynolds

numbers from 6 x 108 to 63 x 109.
DESCRTPTION OF MODEL ALD PAINTING PROCEDURES

The model, of 6C-inch chord, was constructed of
metal in the shonpe at the Langley Nemnrial Aeronautical
Leboratery and hed an NACA Gs(hzl)-uao. a = 1.0 alrfoil

sectlion. The metal skin was made in one plece frem

0.8 percent of the chord on the lower surface around

the leading edze to 50.8 percent of the chord on the
urrer surface. This construction eliminated skin

Joints end rivets in the region of laminar flow forward
nf thae point of mininum pressure, which 1s located at

50 percent of the chord. The model was first painted
wlth lacquer primer surfezer, sanded to an aerodynamically
smooth flnish, and tested to obtuin section dreg coeffi-
clients as a basis for comparlson of the camnuflagre paints.
Lecquer camcuflage palint was than sprajed on the model

and tested in an unimproved condition after painting, as
was a synthetic-enarel camnuilage raint. Both these
camourlage finlshes were also tsested at'ter specks had
been removed by two melhods descrlibed herelnafter, The
palnting procedures used on the mecdel for esch condltlon
are as follows:

Frocedure 1l.- Painted vith lacquer primer surfacer,
glazed locally with pyroxylin putty where needed, and
sanded to obtain an aerodynamically smeccth surface,

Frocedure 2.~ Palnted wlth 3Serry Brothers lacquer,
cellulose nitrate, camouflage, ¥n. L3 neutral gray.

(1) Paint stirred thoroughly
(2) Pailnt streined through fine cheesecloth

(3) Fa'‘nt thirned with lacquer thinner ir ratio
of 2 gerts thlnner to 1 part pailut
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(L) Model sanded clean

(5) Model sprayed wlth double coat of paint
using chordwlse strolres of spray gun
for last coat

(6) Model sprsyed with single coat of lacquer
thinner using chordwlse strokes of

gpray gun

Procedure 3.- Painted with lacquer camouflife paint,
olive drab, shade Ll, U. 8. Army speclficauion 105 on
urper surface and neutral gray, skade L2, U. S.
specification 141105 on lower surface. Paint apnlied at
N, 8. Army Sub-Derot at Langley Fleld sccording to a
field procedure ucsed thers on service alrrlanes,

(1) Paint stirred

(2) Paint thinned withh lacguer thinner In
ratlio of 1 part thinner to 1 part paint

(Z2) ¥odel wnehed wilth lacguer thinner ard wiped
vita cloth

1) Mocel sprajyed witlh double coat of aint

Pro-eduz-s ..~ Palr*rd with sy thotic-snemel camou-

flage ralng, Lualont carwuilsgs Ti~C55, dark earth.
(1) Paint stirred thorouvghly

Paint stralned through fire chessecloth

f\}
L

) Palnt thirnned with syathetiz-enemel thlinner
(fhe = u-"11l1liane Azrntol) in ratio of
3 party palat to 1 part thinmsr

(
(

Y

'h) Model sanded clean

(5) Y¥Model sprayed with double coat of paint
using clordvisa ctronkes of sprar gun
for last cosat

(6) Model sprayed with single coat of synthetic-
enamel. thinner using chordwlse struiies

of spray gun
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Procedurq_g.- Palnted with synthetlc-enamel camou-
flage vaint, vuPont camouflage 7T1-209, dark earth.

(1) Psint stirred thoroughly
(2) Paint strained through coarse cheeseslcth

(3} Paint thinned withk s;mnthetic-enamel
thinner /Sherwin-villiams Aerotol) in -
ratio nf 3 parts paint to 1 nurt thinner

(4) 'odel sanded clean

(5) Todel sprayed wlth doutle conat of paint
asing cliordwise strokes of spray run
for last coat

After the model snrayed with lzcquer camouflage nalnt
accprding to nrocadure £ wes tested, tra surfusce wan
ganded lightly by hinéd in & chordwise dlrectlon wlth
¥n, 320 carborunduam nenar to remov: sll specxks. after
the model eorcyed with z2ynthatic-snomel camauflege paint
azccerding to prosedure . was tested, the snecks vrere cut
of f with 8 steel blade »>ushed lightliy ecrnss the surface
at tre locatlors 2r the egpezus. *%ith the exzentlon of
paintling n»rocedors 1 for ths aersdynerlcelly smooth alr-
f~il, nafther thas sundlin, osrocess ufter nalnting nnr
the removal of sn=22"= with a steel bhlade 1s included in
the term M"raintias rrocceaure" used hereir.

T=ST METHODS

The tests were rade in thiec NiCA two-dimsasional.
low=turbulencs nressure tunnsl. The ssction drag cosf-
ficients wers obtaired by the weke-srrvey methcd, in
which an Intozrating manometer was usad. A manomstor
arrenganent, which integreted the i1ft reactlon of thre
myiel on the floor ard zefling of ths tunnel test sec-
tion, was used to obtaln the scetlor 110t coelflcicnts.
Dotails of tesat mzthods are given iu r=ference 1.
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RESULTS AND DISCUSSION

e )

The drag data obtained are presented in flgures 1
to 6 as variation .of sectlon drag coefficlent cq with

Reynolds number R and In figures 7 to 12 as varisation
of section drag coeffliclent c¢gq with sectlon 11ft coef-

ficlent c¢; &t four Reynolds numbers. The polars at

thess four Reynolds numbers are replotted in figure 13 to
facilitate comparlson of the results for the six surface
T'inlishes tested. The section drag coeffilclents obtalned
with the aerodynamically smooth surface (painting pro-
cedure 1, figs. 1 and 7) serve as a basis for comparison
und are referred to as "baslc drag coefficlents.”

When the alrfoll was sprayed wlth lacqQuer cumouflage
paint according to procedure 2, the ssection drag coef-
ficlents at a sectlon angle of attack of 0° showed no
appreciable increase over the baslc dra% coefficlents

for Reynolds numbers less than 20 x 10 (fig. 2). The
sectlion drag coefflclents outslide the low-drag range weore
slightly higher, however, than the baslic drag coefflcients

(f1z. 1%). At Reynolds numbers higher than 20 x 10%,
the soctlon drag coefflcient increased considerably from
a basic s=ection drag coefficient of 0.004); to agproxi—
mately 0.0076 at a section angls of attack of 0° (figs. 1
and 2). Tho surface was then sanded lightly with No. 320
cerborundum paper to remove dust, lint, or paint specks.
*hen the specks were removed, the sectlon Areg coeffi-
cients were slightly reduced at Reynolds numbers less

than 1 % 10 fig. 3) and were reduced from 0.0078
(fiz. 2) to 0,0060 (fig. 3) at the higher test Revnolds
numbers. The lnconsistency of the sharp increase in drag
with Neynolds number as the pressure of tho tunnel alr
(refoerred to as "tank pressure') was increased led to an
exarinatlion of the model, whilch disclosed scratches 1in

the surfece probably caused by the previous sanding. Al-
though the 1eason for this Inconsistency with lncrease in
tank »nressure 1s not deflinltely understood, 1t is posslble
thet dust and oll vapor introduced into the alr stream by
the alr compressors may have accumulated in the scratches
with a resultant increase in roughness. Tne model there-
fore was resanded with No. ;00 carborundum papsr, which

1s lighter than No. 320, to avold sanding through the al-
ready thin layer of camouflage paint. Although the in-
tensity of light reflected from the alrfoll surface after
the second sandling was slightly greater than for the un-
sanded condition, the sanded surface could still be con-
sidered nonspecular, Removal of the scratches reduced the




6 ' L FACA CB No. ILG17

section drag coefficients at a sectlon angle of attack
of 0° to values thet are approximataly agual to the
values of the aserodynamically smonth alrfoll up to the

highest test Peynolds number, which was 52 x 106. The
section dreg nsoeffizients wers, however, stlll slligntly
higher than for the serodynemlcally smooth alrfoil out-
side the lcw-dreg rsnge (flg. 13).

When the alrfoll was sorajad with lacyuer cemouflage
paint at the J. S. Army Sub-Depot at Langley fleld (pro-
cedure 3), the section drag cosefficients were higher than
for the merodyrnamically amooth &lrfnil throughout the
entire range »f test Heynolds number. (Zompare fig.
with fig. 1.) "hen the mndel was snrayed wlth a similar
peint at TAAT, (procedure 2), ssction drag coefficisnts
approximately as low &s for the aerodynamically smooth
airfail,wcre nhtalned un to a Reynolds number of

20 x 10°. At the higher test 3eynolds numbers, the
diff'erence bstwsasen the drag values {»r nroccdurcs 2 and 3
was relatively swrall. The model surfacz2, when painted
at the Arny Sub-Denot, zortainad a largsr number of
amuc¥e than when oalnted at LniAT, and spzacks buve

been shnwn by these tests to ba the zfuse T large in-
crauges in the sezti-r drug sosfllclent, It 1ls belleved
that the Army nalinting orocedare could ve immrovad by
insludiny the uze¢ of paint strainers and a rinal soraying
of laszjuer th!'nner ove“ the surlace, slnece thse omissicn
of trnese steps was the ma'n dlfflersace between the
painting nrec-dures of' the Army and I AL and since both
visusl obscrvation and touel: ludicated taat the surface
soraved wilth a final coet oi tlhi'tnnae was smoother.

Adverse effects of anecs wers also evident when the
model. waa palnted wlth synthetlc-enamel camouflage
(figs., 5, &, and 13). Figurs 5 gives the dray results
of the model painted with synthetic-enamel camouflage
with no coat of thlnuer anpliad and with the painrt
strained through coarse rather than fine chessacloth
(painting - ~rocedure 5). T¥ipura 6 gilves the drag rosults
of' the mnﬁel anraxvad with synthetlc-srnamal cemouflage
(painting crocedure L) after the svecks had besn cut
off wlth a stesel blade. The model, which was nd>t sanded
after removal of the specks, 3av%,lower drag values up
to a Feynolds number of L1 x 10 then the modsl
snprayed with 3ynthetlic enamel with no specks removed.

A comparison of the polars »nresented In flgurs 1% also
chows this result.
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An adverse effect on section 11t coefficient of
specks on both-the unimproved lacquer and synthetic-
enamel camouflaged surfaces may be noted in figures 1
to ©. A section 1ift coefficient of 0.32 was obtained
at a section angle of attack of 0° for all surfacs con-
ditions with spec’ s removed {(figs. 1, 3, and 6), vhereas
& reduction in section 1ift coesfflcient to values of 0.29
eand 0.30 resulted when specks were present on the surfacs
(figs. 2, L, and 5).

The painting »rocedures used for these tests were
not sufficlently controlled or varied systematically
enough to permit drawing very many definite conclusions
as to the guantitative effects of individual steps in
the procedures. The data are indicative, however, of
th= drag results likely to be obtained on a low-drag
girfoil with camouflage painting procedures such as thoss
ussd. The results also show that the care taken through-
out the painting orocedure t» reduce the number and size
of speckes on the alrfoil surface and to vreveat an
"orange-peel" effect in the paint has an imoortant
ﬁfject onn the resultant values of the ssction drag
cogfficient.

‘'ost of the vaint and lint speclks in the finishes

were introduced during the nreparation of the Dalnt and

in the clesaning of the surface before painting. A4

large number of these snccks can bs eliminated by straining
the gaint belnre soraying end by cleaning ths surface

cefore srraying by means other than washing with a psint

1

..... vinner.  The c1rface painted by nrocedure 3 contained
¢rge number of lint specks that were Introduced wlhen

ne model was wacghed with lacquer thinner and wiped with

olotﬁ, Thz use of & lacgusr thinner to clean =z

acquer-base paint is considered inadvisable since the

aint is softened by the thinner so that lint and dust

ay stick to the surfacec.

=]
Ld e O

Ekn orange-peel effect in the maint finish msey be

reduced to a large extent by skill in apnlying the

oaint. This skill includes a knowledge of the crrrect
dLstuu ce to hold the spray gun from the surface and ths
orsssure in the gun necessary to obtain a finish that
dries uniformly and not too rapidly. It is also of impor-
tance to spray the paint evenly over the surface wwthout
tixin or thick layers or running of the paint. Although
the benefits derived from the final coat of thinner are
not clearly indicated by these tests, it is felt that
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the thinner helps reduce the orange-peel effect since
both visual observation and touch indicated that the
surface which had bsen sprayed with a coat of thinner
was smooth The addition of this coat of thinner
increacses tL“ drying time of the cuter layer of paint and
rermits the vnder layer tn spread out over the surface
rmore smoothly without the orange-peel effect that might
occur as a result of too-rapid external drying.

Since the psainting procedures used for the lacquor

ﬂ Qynthetio enamel cemouflage paints were not the
s O finite conclusions may be drewn as to any
'sible dliferenc@s in results sttributable to each

2 of paint. TRegardless of the tyne of paint used,
maximim Reynolds number st which the section drag
coerficients of the aerrodynamically amooth =irfoil are
arproached varies dircctly with ths care with which the
paint ie¢ prerared and sprayed on the airfoil and the
mzthod of ecleant ng the alrfoill surface before painting.
For the wodel unimproved in any way affer rainting,
this cenclusion is clearly indicated in table T. It
ghould be noted, however, that the maximum Reynolds number
at which relatively low values of ssction drag coeffi-
cient were obtained in no case erxceedsad 22 x 16” unless
the alrfoil surfaces were lightly sanded after painting.
Table T alzo presents values of the sectlion drag oeffi-
cient for all surface coniiticns tested at hwvh—aLe >d and
cruising 11ft coefficients ard Tlight Pcynolds numbers.
Section dvap coeffizicnts &U“Jnan}Tnﬁ thoze of the aero-
dynamically smontk aiirfsll were cbtained at Feynolds

& ;
numbcrs greater than 22 x 107 only when the airfoil
surfaces were lightly randed after painting.

ration of the effects of
procedures upon the drag
¥ oSmo ath and fair low-
owing conzlusions:

T™e rasul
camouf 1 \Te 1&

1. The eflfect of a twpical field spriication of
camouflage paint vnimproved after painting may be snhown
in the fol%ow1n dragz data at a Teynolds number

of Ll x 10°.

Q
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Sectlon drag coefficlent at a

Surfece condition section 1i1ft coefficient of

0.3 0.7

Tyoical fleld application 0.0079 0.0086
of camouflage psaint

Aerodynamically smooth . 00L6 .0053

2. For a camouflage painted surface unimproved after
reinting, increased care teken in the applicatlon of the
peint resulted in en Incrsase in the maximm Reynolds
number at which low drsg coefflcients were obtal*nable.

In no cese, however, dld this maximum Reynolds number

(22 % 10%) extend into the flight range for large airpleanes
for which the sectlon tested would norrially be used. The
decrease in drag coeflficlent resulting from improved
7ailnting procedures bscam2 less slgnificant, moreover,

a3 the FReyiiolds number &snd 1ift coefficient were lncreased
te crulsing values for large heavily loaded airplanes.

3. In order to approach the dreg characteristics of
the smooth and fair alrfoll section at flight Reynolds
numters, 1t was necessary to sand the airfoll surfaces
1lg.tly after ralnting.

Lengley Nemorial Aeronauticael Laboratory
Fatlonel Advisory Commlttee for Aeronautics
Langley Fleld, Va.

REFERENCE

l. Jacobs, Eastman N., Abbott, Ira H., and Davlidson,
¥ilton: Preliminary Low-Drag-Airfoll and Flep
Data from Tests at Large Reynolds Numbers and
TLow Turbulence, and Supplement. NACA ACR,
March 19/;2.

L]




TABLR I.- EFFECT OF PAINTING PROCRDURE ON HEYNOLDS
NUMBER ANKD DRAG CHARACTERISTICS

Painting
procedure

-

Desoription of
surface condition

Maximum Reynolds number
at which relatively low
values of section drag
coefficlent were obtained

ogq at

R = 25 x 106

(epprox.)

%a

R = 4 x 106

at
(approx.)

o1 = 0.3

01 L 0-7

c; = 0.3

cl = 0-7

Typricsel field application
of laoquer onmouﬂ:ge
palint; unimproved after
painting

Less thlnhllc6

0.0083

0.0095

0.0079

0.0086

Careful application of
lacquer camouflage paint
wi final coat of thin-
ner; unimproved after
painting

20 x 106

0.0067

0.0083

0.0078

0.0088

Careful application of

synthetic=-enamel camou-
flage paint with final
coat of thinner; specks
out off after painting

ZZulO6

0.c0L48

0.0075

0.0070

0.0083

Careful application of
synthetic-enamel camou~
flege paint; no final
coat of thinner; unime
proved after painting

Less than 6 x 106

0.0065

0.0079

0.0066

0.0083

ALlrfoll surfaces lightly
sanded after palinting

Greater than 52 x 106

0.0042

0.0053

0.00L45

0.0062

Asrodynamically smooth
finish

Greater than 60 x 106

0.0041

0.0049

0.00L6

0.0053
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numbesr 2, Test, TOT 2
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